In 1948, Le Danois reported for the first time the occurrence of living cold-water coral reefs, the socalled "massifs coralliens", along the European Atlantic continental margin. In 2008, a cruise with R/V Belgica was set out to re-investigate these cold-water corals in the Penmarc'h and Guilvinec Canyons along the Gascogne margin of the Bay of Biscay. During this cruise, an area of 560 km2 was studied using multibeam swath bathymetry, CTD casts, ROV observations and USBL-guided boxcoring.
to a combination of favourable water mass stratification, steep topography and strong 155 barotrophic tidal currents (Huthnance, 1995; Pingree and Le Cann, 1989, 1990 ). These 156 may be channelled and result in regions of locally increased flow and local circulations 157 (Pingree and Le Cann, 1990) . Internal tides are proposed to explain the enhanced levels 158 of surface phytoplankton abundance (Holligan et al., 1985; Pingree and Griffiths, 1982) . 159 160
Materials and methods 161 162

Multibeam echosounding 163 164
The multibeam echosounder used during the BiSCOSYSTEMS cruise is a Kongsberg 165 Simrad EM1002 system, installed permanently on the R/V Belgica. The EM1002 has up 166 to 111 receiver beams of 2° (across track) x 3.3° (along track) width. The high-167 resolution depth data was obtained with a nominal frequency of 95 kHz and a ping-rate 168 of 4 to 6 Hz. Survey speed was between 4 and 6 knots depending on water depth and 169 wave conditions. In total, an area of 560 km² along the Armorican margin was mapped 170 in water depths between 160 m and 1000 m (Fig.1B) . Canyon using a SBE Seacat 19 in order to gain insight into the local water mass 182 stratification and to calibrate the EM1002 echosounder for sound velocity. The raw data 183
were binned at 1 m using the SBE Data Processing software (version 7.18c). 184 185
ROV observations 186 187
The Remotely Operated Vehicle (ROV) 'Genesis' from Ghent University is a Sub-188
Atlantic Cherokee-type ROV with an operational survey depth down to 1600 m. The stratification of the water masses does not change significantly over the study area 267 (Fig. 2) (Fig. 1B) . 278
ROV observations allowed to distinguish four different facies: (1) rippled soft sediment 279 with a patchy distribution of dead cold-water corals (Fig. 3A) , (2) rippled seabed with 280 biogenic debris and a patchy distribution of dead cold-water corals, (3) rippled soft 281 sediment covered with gravel or small pebbles (Fig. 3B) , and (4) a dense cold-water 282 coral rubble coverage, dominated by Lophelia pertusa and/or Madrepora oculata ( Fig.  283   3C and Fig. 3D) . 284 285 Figure 4A shows that the small mounds are covered by dead cold-water coral rubble. At 286 the base of the mounds and in between them, an alternation of rippled soft sediment 287 with a patchy distribution of dead cold-water corals and/or biogenic debris, and rippled 288 soft sediment with gravel-sized particles was observed (Fig. 3A and Fig. 3B ). The coral 289 rubble consists of crushed coral fragments ( Fig. 3C and Fig. 3D In addition, several coral fragments were dated using U-series: two coral fragments 314 (Lophelia pertusa) were collected during ROV dive B08-03, one coral fragment 315 (Lophelia pertusa) in boxcore B08-1301-bc and two coral fragments in B08-1305-bc. 316
The resulting ages after correction are shown in Table 3 . 317
Deep-water corals in the Penmarc'h and Guilvinec Canyons 319 320
The second setting features cold-water corals observed in the Penmarc'h and Guilvinec 321
Canyons in water depths of 700 to 900 m. Both living and dead coral specimens occur, 322
predominantly Madrepora oculata. In total, eleven different facies were defined during 323 four ROV dives (Table 1) . Facies 1 and 2 correspond to respectively even ( consists of soft sediment with gravel ( Fig. 5D ). The gravel fragments reach sizes up to 332 10 cm. Facies 9 corresponds with outcropping hard substratum ( Fig. 5E and Fig. 5F ), 333 colonised by living cold-water corals (Madrepora oculata) and sponges. At some 334 locations, cracks filled with soft sediment were observed ( Fig. 5G and Fig. 5H ). Finally, 335 facies 10 and 11 relate to the cold-water coral coverage. Facies 10 is characterised by a 336 dense coverage of coral rubble (Fig. 6A ) whereas facies 11 also features living species 337
of Madrepora oculata and Lophelia pertusa on top of the coral rubble, creating dense 338 coral fields (Fig. 6B, Fig. 6C and Fig. 6D ). Facies 11 often coincides with a very rough 339 seafloor and big boulders (20 cm up to 1 m). Boxcore B08-1306-bc was taken within 340 16 this facies which delivered three coral pieces for U-series dating (Table 3) (Fig. 7) . In the uppermost part of the slope, between 700 and 900 m, soft 358 sediment alternates with coral fields which vary in diameter between 10 and 60 m (Fig.  359   6B ). The soft sediment is sometimes covered with biogenic debris (Fig. 5C ), gravel 360 (Fig. 5D ) and/or a patchy distribution of cold-water corals, mostly Madrepora oculata. 361
Also big boulders with a diameter up to 1 m were observed, colonised with living cold-362 water corals (Madrepora oculata) and Hexadella sp. sponges (Fig. 6E and Fig. 6F) . 363
Between 800 and 900 m, asymmetric N-S orientated sand ripples appear with 364 wavelengths between 10 and 20 cm and with heights of about 5 cm. Below 900 m water 365 depth, mostly hard substratum (Fig. 5E and Fig. 5F ) occurs with a patchy distribution of 366 living cold-water corals (Madrepora oculata). NW-SE orientated cracks of 5 cm up to 367 40 cm occur in this area, and are filled with (rippled) soft sediment (Fig. 5G and Fig.  368   5H) . At several locations, the rather smoothly sloping seabed is interrupted by the 369 presence of small banks (Fig. 6G) or cliffs (Fig. 6H) predominantly Madrepora oculata (Fig. 6C and Fig. 6D ). The living species grow on 381 the dead coral rubble, which is built up by chunky coral fragments up to 40 cm. the MOW, the bottom currents may be enhanced by strong internal tides (White, 2007) . 420
Next to a favourable oceanographic environment, the sedimentological environment of 421 deep-sea canyons provides hard substrates for living cold-water corals to settle on. 422
Indeed, during the ROV dives, corals were observed on cliffs, outcropping hard 423 substratum and on the numerous boulders which are scattered on the seabed. The dives 424 also revealed a preferential erosion of the western flank of the canyons while the eastern 425 flank is draped with soft sediment. This is attributed to the strong E-W bottom currents. 426
The western slope will act as an obstacle for these enhanced currents intensifying the 427 easterly bottom currents through isopycnal doming, which results in erosion 428 
Mini mounds on Odet Spur 438 439
The shallow area, located in water depths between 278 and 289 m, revealed a dense 440 coverage of dead cold-water coral fragments on top of mini mounds and small ridges 441 (Fig. 4A) . Within the boxcores, cold-water coral fragments were only found in the 442 uppermost 5 cm which suggests that these mini mounds were present before the settling 443 of the cold-water corals. The fact that the boxcores only show a thin sand cover (1.5 cm) 444 on top of the mini mound while at the base of the mound the sand cover increases to 11 445 cm, these mini mounds and ridges are probably the result of selective erosion of the 446 clayey substrate due to strong bottom currents during interglacials and interstadials 
Time and distribution of coral growth 462 463
The dating of the cold-water corals using U-series reveals that coral growth in the study 464 area started at the beginning of the Holocene. The older age of the corals in the shallow 465 (7.4-9.1 ka) compared to the deeper setting (1.2-2.3 ka) indicates a migration of the 466 coral habitats towards greater water depths. Moreover, the fact that the corals observed 467 in the shallow water setting are heavily bio-eroded and disintegrated, demonstrates that 468 they are already exposed on the seabed for a significant amount of time. In contrast, the 469 corals in the deeper setting are much better preserved suggesting a younger age for these 470 species. The cause of the downslope migration of the corals is still uncertain. Noury from LSCE are kindly acknowledged for their help with respect to U series 555 Tables  905   906   Table 1 
